Abstract Objective-To illustrate the possible role of cerebral oximetry and stroke distance as measured by Doppler ultrasound in monitoring the critically ill patient noninvasively in the emergency department. Methods-Five critically ill patients were monitored with either cerebral oximetry or both cerebral oximetry and stroke distance (the distance travelled by blood in the aorta with each ventricular contraction), as measured by Doppler ultrasound of the aortic arch. Conclusions-Stroke distance as measured by Doppler ultrasound was a good clinical indication of reduced stroke volume and hence of cardiac output. Cerebral oximetry appears to be a useful measure of tissue hypoxia in patients in whom pulse oximetry is either unrecordable or unreliable. (7Accid Emerg Med 1996;13:313-315) 
Tissue oxygenation and central haemodynamics are recognised indicators of the clinical state of the critically ill patient. Pulse oximetry is an established means of measuring tissue oxygenation, but may be unreliable or unrecordable in the critically ill patient with peripheral circulatory failure.' At present there is no noninvasive measure of central haemodynamic status available routinely. The following cases seek to illustrate the possible role of both cerebral oximetry and stroke distance as measured by Doppler ultrasound in monitoring the critically ill patient non-invasively in the emergency department. tions of simulated hypovolaemia, stroke distance measured as described was shown to be more sensitive than non-invasive blood pressure and more reliable than heart rate in detecting blood loss both in young adults and in the elderly.7
The aim of this study was to examine preliminary data recorded in isolated cases using cerebral oximetry (Invos 3100, Somanetics) and Doppler measurements of stroke distance (ODMI, Doptek), and to compare these reading with those obtained from noninvasive blood pressure monitoring (Dinamap, Critikon) and pulse oximetry (Lifestat 1600, Physiocontrol). clinical condition and later followed the pulse oximetry readings. Case 3 shows that in patients in whom the degree of hypoxia renders pulse oximetry unreliable' the cerebral oxime-ter may still produce readings within its working range3 and thus provide clinically useful data. Case 2 suggests that cerebral oximetry may detect episodes of transient hypoxia (for example those associated with difficult endotracheal intubation and extubation of the unconscious patient) that would be missed by pulse oximetry alone. The clinical significance of this is at present uncertain.
In contrast to its sensitivity in monitoring hypoxaemia, cerebral oximetry seems much less useful in detecting hypovolaemia. Although it has been shown to detect small differences in regional blood flow in the brain,28 it does not appear able to detect early hypovolaemia (cases 4 and 5). The brain's autoregulatory mechanism maintains a consistent cerebral perfusion over a wide range of blood pressure and cardiac output9 and so a global decrease in cerebral blood flow detectable by cerebral oximetry would be expected only late in hypovolaemia, unless their was a concomitant failure of autoregulation.
STROKE DISTANCE
In contrast to cerebral oximetry, stroke distance as measured by Doppler ultrasound proved to be an effective measure ofhypovolaemia in cases 4 and 5. The change in stroke distance followed the same trend as that of blood pressure in these patients but was more marked. In case 5, the initial systolic blood pressure reading was within the normal limits for this patient while stroke distance was reduced, which indicated that the patient's cardiac output was low and the patient had compensated, thus maintaining his blood pressure. Both patients remained bradycardic throughout resuscitation, illustrating the unreliability of heart rate as a measure of hypovolaemia. Controlled studies have previously shown the effectiveness of stroke distance as an indicator of hypovolaemia.' Our cases provide some evidence of its usefulness in the clinical setting.
In case 1 Doppler ultrasound measurements of stroke distance were obtained for a significant period in early resuscitation during which non-invasive blood pressure was unrecordable. Initial blood pressure readings, when obtained, showed similar trends to that of stroke distance; thus stroke distance gave an indication of the patient's haemodynamic state earlier than blood pressure. The gradual increase in the patient' s stroke distance in the early phase of resuscitation was mirrored by an improvement in the patient' s clinical condition.
In summary, these cases show that cerebral oximetry may provide useful information on tissue oxygenation in some patients in whom pulse oximetry cannot be used, but appears less useful in detecting hypovolaemia. Stroke distance, however, has proved a useful indicator of early hypovolaemia in the clinical setting, even in the absence of significant hypotension or tachycardia.
CONCLUSION
The five cases described provide evidence that both cerebral oximetry and stroke distance as measured by Doppler ultrasound may be useful adjuncts to the monitoring of critically ill patients in the emergency setting in specific situations. It should be noted that both cerebral oximetry and stroke distance appear to be more useful in indicating trends in individual patients rather than in giving absolute values. This report provides useful clinical anecdotes but must be followed by more carefully controlled clinical trials to ascertain the indications for and benefits of this type of monitoring in accident and emergency departments.
